Background Incisional hernia is a common complication after liver transplantation. The current study evaluated incidence and risk factors for incisional hernia and compared laparoscopic and open hernia repair in terms of feasibility and outcome. Methods A cohort of 225 patients was prospectively investigated. The median follow-up period was 61 months (range, 6-186 months). The study cohort had 31 patients who underwent open repair and 13 who underwent laparoscopic repair. Results Incisional hernia, found in 57 patients (25%), had occurred after a median of 17 months (range, 5-138 months). The significant risk factors were male gender (p = 0.001) and body mass index (BMI) greater than 25 kg/ m 2 (p = 0.002). A trend toward a lower recurrence rate (15% vs 35%; p = 0.28) and fewer surgical complications (15% vs 19%; p = 0.99) was found in the laparoscopic group. Conclusions Incisional hernia is a frequent complication after liver transplantation. Associated risk factors are male gender and a BMI greater than 25 kg/m 2 . Laparoscopic hernia repair for such patients is feasible and safe.
Incisional hernia is a potential long-term complication after liver transplantation. The reported incidence of incisional hernia after liver transplantation varies from 5 to 23% [1] [2] [3] [4] [5] [6] . The risk factors for incisional hernia formation after liver transplantation, described in various reports, include advanced age, male gender, obesity, use of steroids, wound infection, incision type, and reoperation [1, 2, [4] [5] [6] . Most of the reported studies, however, were performed retrospectively.
With the introduction of modern two-layered mesh, laparoscopic incisional hernia repair has become an accepted therapeutic option leading to fewer surgery-site infections, shorter hospital stay, and lower costs for patients who have not undergone transplantation than for patients who undergo open hernia repair [7] [8] [9] .
This study aimed to evaluate prospectively the incidence and risk factors of incisional hernia after liver transplantation and to determine the feasibility and safety of laparoscopic incisional hernia repair.
Patients and methods
A prospective cohort of 225 patients who had undergone 233 consecutive liver transplantations at our institution between 1993 and 2007 were investigated. Patient data were prospectively collected over a 15-year period and kept in a database. The median follow up period was 61 months (range, 6-186 months). Most of the patients (95%) underwent clinical and laboratory follow-up investigations performed by a transplantation hepatologist at least once a year at our institution. Suspicious clinical findings were referred to an abdominal surgeon.
Incisional hernia was diagnosed by physical examination. A total of 57 patients with incisional hernia after liver transplantation were identified, and 44 of these patients underwent incisional hernia repair.
The exclusion criteria for hernia repair were medical comorbidities or a patient unwilling to undergo surgery. We compared 31 patients who underwent open incisional hernia repair with 13 patients who underwent laparoscopic hernia repair between 1994 and 2008. The patients treated before July 2004 underwent open hernia repair, whereas those treated after July 2004 underwent laparoscopic hernia repair. Thus, the follow-up period for the laparoscopic hernia repair group was shorter than for the open group.
Liver transplantation was performed using a transverse upper laparotomy with or without cranial midline extension. For all the patients, abdominal closure was performed using a two-layer running suture (polydioxanone 1 monofilament). For 90% of the patients, standard immunosuppression using a combination of calcineurin inhibitors, antimetabolites, and steroids was used. In cases of major renal failure, patients were given a combination of antimetabolites and steroids only. Postoperatively, the steroid dose was reduced to zero over a period of 4 months. No patient was held on long-term steroid therapy.
For open hernia repair, a preperitoneal polypropylene mesh was implanted in 25 patients. For six patients, the hernia was closed without mesh.
For laparoscopic hernia repair, we performed the same technique as described previously [7] . Briefly, an optic trocar was inserted using a limited open technique. A minimum of two additional trocars were inserted under direct vision. Complete adhesiolysis of the abdominal wall was performed. A dual-layer composite mesh (Parietenecomposite; Tyco Healthcare, Mansfield, MA, USA) was used for all patients. The size of the mesh was chosen to overlap the fascial defect at least 4 cm. Nonabsorbable transfascial sutures were used caudal and lateral to the hernia every 4 cm. Titanium tackers were applied between the sutures and cranial to the hernia into the diaphragm, avoiding puncture of the pericardium.
The main outcome measure was total morbidity after laparoscopic and open incisional hernia repair for patients who had undergone previous liver transplantation. The secondary outcome measures were incidence and risk factors of incisional hernia, operative time, rate of conversion, duration of hospital stay, and recurrence rate.
Statistical analysis
Results are expressed as median and range. Student's t-test was used to determine the significance between continuous variables, and Fisher's exact test was performed to compare proportions. The log-rank test was performed for univariate testing. All p values less than 0.05 represent statistical significance (NCSS 2004 for Windows; NCSS, Kaysville, UT, USA).
Results
Incisional hernia was diagnosed for 57 (25%) of the 225 patients after liver transplantation. The hernia occurred after a median of 17 months (range, 5-138 months) (Fig. 1) . The significant risk factors for hernia formation were male gender (p = 0.001) ( Fig. 2A) and a body mass index (BMI) greater than 25 kg/m 2 (p = 0.002) (Fig. 2B ). In the univariate analysis, age exceeding 50 years, a MELD (model for end-stage liver disease) score higher than 20, diabetes, preexisting coronary heart disease, chronic obstructive pulmonary disease, and midline extension to transverse laparotomy were not found to be significant risk factors (Table 1) .
A total of 44 patients underwent surgical hernia repair. The demographic parameters were similar in the open and laparoscopic groups, as outlined in Table 2 . Ascites was present in two patients (4.5%) during open hernia repair. Multiple hernial orifices were found in 13 patients (33%) ( Table 3 ). The most common site for incisional hernia was at the junction of the transverse and upper midline incisions (48%) ( Table 3) .
The operative time for open surgery tended to be longer than for laparoscopic surgery, but the difference was not significant (Table 4) . Laparoscopy was converted to open surgery for two patients (15%). No statistical difference was found in the median hospital stay or recurrence rate. Two surgical complications occurred in the laparoscopic group and five surgical complications in the open group (Table 4) . 
Discussion
In this prospective study, the incidence of incisional hernia among patients undergoing liver transplantation was 25%, observed after a median follow-up period of 17 months. Evaluation of the therapeutic approach showed that laparoscopic incisional hernia repair is safe for patients after liver transplantation and can be performed with results the same as for patients who did not undergo transplantation [10] .
The 25% incidence of incisional hernia after liver transplantation, as assessed in our prospective study, is higher than for patients after abdominal surgery with no immunosuppression, as already shown in retrospective series [1-3, 5, 6] . Repetitive and long-term follow-up assessment of these high-risk patients partially explains such a high incidence. However, chronic immunosuppression, particularly newer rapamycin-based regimens, has an additional impact on wound healing and remodeling. A recent report showed a 34% incidence of incisional hernia (during a 49-month follow-up period) after liver transplantation among patients receiving sirolimus-based immunosuppression [11] .
Significant risk factors for the development of incisional hernia in our series were male gender and obesity (BMI [25 kg/m 2 ), as also shown in different populations with other underlying diseases [12, 13] . Other studies showed cranial midline extension of the transverse laparotomy as a risk factor for incisional hernia [2, 4] . As a consequence of previous results, the surgical approach for liver transplantation at our institution since 2003 is transverse laparotomy without midline extension.
In the current series, we show that laparoscopic hernia repair after liver transplantation is feasible, safe, and not associated with greater morbidity than open surgery. Shortterm complications were found in our series less often after laparoscopic surgery, but this difference was not statistically significant. No long-term complications occurred. These results are comparable with those obtained in a nontransplantation population showing a lower complication rate in the laparoscopic group [10] .
Similar to patients not undergoing transplantation [9] , the operative time for laparoscopic hernia repair patients is not significantly longer than for the open group. As a result of extensive adhesions in two patients, the conversion rate in the laparoscopic group was 15%. Series with a greater number of patients who have not undergone liver transplantation show a conversion rate of 5% [7, 9] . The median hospital stay was shorter in the laparoscopic group than in the open group.
The recurrence rate was 34% after open repair and 15% after laparoscopic repair, which is higher than in other groups (Table 5) [14, 15] . The reasons that might account for this observation are intensive follow-up assessment and immunosuppression. Gomez et al. [1] described an incidence of ascites after liver transplantation as high as 20%, but no association between postoperative ascites and hernia In conclusion, laparoscopic incisional hernia repair for patients after liver transplantation proved to be safe and resulted in a trend of a shorter hospital stay, a lower recurrence rate, and fewer complications, which is similar to the results for patients who have not undergone liver transplantation [7] [8] [9] 16] . The advances in laparoscopic surgery are likely to be present in a transplanted population, so we expect these patients to show similar advances in larger studies. OLT orthotopic liver transplantation
